To compare the hemodynamic changes following two different lipid emulsion therapies after bupivacaine intoxication in swines.
Introduction
Local anesthetics (LA) are drugs commonly used in medical practice. Despite major advances in pharmaceutical products and regional anesthesia techniques, adverse effects such as overdose from intravascular injection still occur.
Although local anesthetic overdose is uncommon, severe toxicity is estimated at 0.075 to 0.2% in peripheral nerve blocks and approximately 0.04% in epidural anesthesia 1 
Methods
The protocol was approved by the Institutional Animal and respiratory rate adequate to achieve P ET CO 2 between 32 and 34 mmHg. Hemoglobin saturation was maintained >97% and measured by a probe placed on the animal tongue. A cardioscope was also used in a lead similar to DII. Maintenance of anesthesia was performed with isoflurane in O 2 at an expired fraction of 1%. Local anesthesia was applied to the inner thigh of the animal unilaterally, using 5 ml of 1% lidocaine without vasopressor for dissection of the femoral artery and vein.
Dissection was required for continuous monitoring of arterial blood pressure and insertion of a Swan-Ganz 7F catheter, which was located in a pulmonary artery branch identified by the morphology of the pressure curve obtained. Thirty minutes after a stabilization and resting period, the first baseline 
Results
There were no significant differences between groups regarding weight, body surface area, or baseline hemodynamic parameters, as shown in Table 1 .
Heart rate (HR) 
Mean arterial blood pressure (MAP)
As shown in Figure 1 , after bupivacaine injection a Figure 3 shows that following toxicity, there was a significant and similar increase in CVP the three groups in T 1 . In CTRL and MCT, all other values remained higher than T 0 values.
Central venous pressure (CVP)
In the LCT group, values were higher than T 0 until T 20 (p<0.001).
There were no differences between LCT and MCT. However, CTRL<LCT in T 5 and CTRL<MCT from T 5 to T 15 (p=0.023).
Mean pulmonary artery blood pressure (MPAP)
As shown in Figure were all lower than in LCT and MCT. There were no significant differences between both groups (p<0.001). Figure 6 shows that after bupivacaine injection, PCWP decreased similarly in T 1 in all groups persisting until the end of the experiment. There were no differences in time points between CTRL and LCT, while T 20 <T 30 (p<0.001) in MCT. There were no differences among groups (p=0.454). Figure 7 shows that after bupivacaine toxicity, SVRI did not change in T 1 in any group. After T 10 in CTRL, and T 5 in LCT and MCT, the remaining values were all higher than T o .
Cardiac index (CI)

Systemic vascular resistance index (SVRI)
T 20 >T 30 (p<0.001) in LCT and MCT. There were no differences between LCT and MCT, but CTRL was <LCT from T 5 to T15 and CTRL<MCT in T 15 (p=0.032).
Hemodynamic changes with two lipid emulsions for treatment of bupivacaine toxicity in swines
Acta Cirúrgica Brasileira -Vol. 30 (2) Figure 9 shows that bupivacaine toxicity produced a significant and similar decrease in LVSWI in T 1 in the three groups. The third mechanism is based on the known fact that fatty acids can increase calcium levels in cardiac myocytes and may thus activate a direct inotropic route 22, 24 . The hypothesis that long-chain triglyceride lipid emulsions in vitro would be more effective 16, 17 motivated to conduct this study. The purpose of the study was to evaluate hemodynamic repercussions in swines with bupivacaine-induced toxicity and find the best solution in case this complication occurred. In this experiment, we did not observe any significant differences in the main hemodynamic variables using LE with long-chain triglycerides and a mixture of long-chain and medium-chain triglycerides. Hemodynamic parameters improved secondary to increased systemic vascular resistance and pulmonary vascular resistance in animals treated with lipid emulsions, a result similar to that found by Stojiljkovic et al. 25 who studied hemodynamic variations due to lipid infusion in humans, but contrary to Kearney et al. 26 . In this study, an increase in resistance was mostly noted in the pulmonary circulation. However, no greater differences were observed with both types of solutions used. There was no improvement in cardiac index, a result similar to that obtained by Litonius et al. 27 investigating bupivacaine and mepivacaine toxicity in pigs. However, these findings differed from results described by Stehr et al. 28 who reported a positive inotropic effect on the isolated rat heart. In this study, arterial blood pressure improved with lipid emulsions after toxicity, but solutions with long-chain triglycerides and those with a mixture of medium-chain and longchain triglycerides did not achieve different results of interest.
Left ventricular stroke work index (LVSWI)
The use of lipid emulsions needs to be further investigated.
However, the lack of adverse effects until recently 29 has been encouraging and these solutions are even recommended in case of accidents during obstetric anesthesia 30 .
Conclusions
Lipid emulsions with long-chain or a combination of long-chain and medium-chain triglycerides have proven to be efficient at reversing hypotension due to bupivacaine toxicity in pigs. It has been suggested that the early use of lipid emulsions may help to attenuate local anesthetic cardiotoxicity. Nevertheless, no significant differences were observed when either solution was used.
